Abstract. Third harmonic cyclotron heating is an effective tool for accelerating deuterium (D) beams to the MeV energy range, suitable for studying ITER relevant fast particle physics in plasmas without significant tritium content. Such experiments were recently conducted in JET with an ITER like wall in D plasmas with 3 He concentrations up to 30% in order to boost the fusion reactivity by D- He ions. The partitions of the power, which depend on the distribution function of D, vary strongly over several slowing down times. Selfconsistent modelling of the distribution function with the SELFO-light code are presented and compared with experimental data from fast particle diagnostics.
INTRODUCTION
RF heating at the third harmonic cyclotron resonance, = 3 CD , is an effective method for accelerating deuterium (D) beams to the MeV energy range [1, 2] suitable for studying ITER relevant fast particle physics in plasmas without significant tritium content. Such experiments were conducted recently in the JET tokamak with an ITER like wall in D plasmas with 3 He concentrations up to 30%. The discharges are characterized by long sawtoothfree periods and a rich spectrum of MHD modes excited by the fast ions. RF heating at higher frequencies is often used for fast wave current drive experiments because of the weaker cyclotron absorption at harmonic resonances [3] [4] [5] . However, since harmonic cyclotron absorption is sensitive to the distribution function, off-axis heating may still absorb significant power if high-energy tails are formed. In the experiments for fusion product studies reported here, in order to enhance the fusion yield by D-D and D- 3 He reactions, the frequency and the magnetic field were chosen such that resonance = 3 CD passed close to the magnetic axis, R 0 = 3m. The second harmonic resonance of 3 He, =2 C3He , appeared then at 0.32m off-axis at R = 2.68m near the q = 1 surface. The off-axis heating of 3 He produced a strongly localised high-energy tail where the resonance tangents the flux surface. Because of the enhanced third harmonic D heating the power absorption by 3 He became low. 
SIMULATIONS OF JET EXPERIMENTS
The ion distribution functions were calculated with the SELFO-light code [6] , in which the equilibrium, calculated with the CHEASE code [7] , is separated into a set of shells limited by magnetic flux surfaces, here denoted as subvolumes. The wave field is calculated with the LION code [8, 9] and the time dependent distribution functions with a 1D Fokker-Planck code [10] . The dielectric tensors in LION are defined from local homogeneous bi-Maxwellian susceptibility tensors to all orders in ion Larmor radius to the magnetosonic wavelength. In order to include the effects of non-thermal distribution functions caused by ion cyclotron heating the parallel ion temperatures and the susceptibility tensor elements are modified by flux surface averaged amplification factors [6] . The electron damping caused by ELD/TTMP is calculated for a local homogeneous plasma, and added to the antiHermitian part of the electron susceptibility tensor [6] . The flux surface averaged distribution functions are calculated for each subvolume and resonant ion species with the Fokker-Planck code by averaging the wave field and quantities obtained from the wave solver over the subvolumes.
In order to improve the modelling for medium sized tokamaks as the widths of the drift orbits become comparable with the minor radius of the plasma the SELFO-light code has been upgraded by including an orbit solver, which is used for averaging the collision operators in the Fokker-Planck code over drift orbits. For the 1D Fokker-Planck solver we assume when a cyclotron resonance or harmonics intersects the subvolume that the orbits are trapped and have their turning points at the resonance, otherwise the orbits are assumed to be thin passing ones. If more than one harmonic intersect the orbit, a choice has to be made about the relevant one. Self-consistent modelling is obtained by means of iterations such that the absorbed power calculated from the wave field is consistent with that calculated with the quasi-linear operator in the Fokker-Planck solver. The discharges analysed here had a vacuum magnetic field of 2.24T at R =3.0m, a plasma current of 1.8MA, they were heated with NBI at 100kV and with 51MHz RF waves coupled with the antennas in dipole phasing. Time traces of the discharges #86775 and #86779 with about 13% and 20% 3 He, respectively, are shown in Fig. 1 . When modelling the discharges the density and temperature profiles were assumed to be constant in time, the NBI source term was calculated with the PENCIL code. The distribution function for NBI heating alone becomes stationary after ~ 0.1s. A spectrum of five toroidal modes was used to simulate the RF-heating: P(n =18)/P tot =0.05, P(n =20)/P tot =0.25, P(n =27)/P tot =0.40, P(n =31)/P tot =0.25, and P(n =46)/P tot =0.05. The following parameters were used for #86775: n e0 = 5. The dominant absorption mechanisms for the discharges described above are =3 CD , = 2 C3He and TTMP/ELD, the latter two dominate for thermal plasmas. The TTMP/ELD dominates the upper part (n =31 and n =46) of the toroidal mode spectrum and = 2 C3He the lower part (n =18 and n =20). The partitions of absorbed RF power are shown in Table 1 . In the first row the partitions are given for thermal plasmas, in the second row for NBI heated plasmas at the onset of the RF power and in the third row for the steady state with NBI and RF, which occurred at about 0.4s after the RF-power reached the flat top. Because of the low damping by the third harmonic heating the NBI is essential for preheating and to increase the damping by beam ions. The presence of 3 He does not only increase the fusion power due to D- 3 He reactions, but it also improves the coupling by increasing the single pass damping, in particular for modes belonging to 
